In this paper, the cosmographic approach is used to determine the spatial curvature (i.e., ΩK ) combining the latest released cosmic chronometers data (CC), the Pantheon sample of type Ia supernovae observations, and the baryon acoustic oscillation measurements (BAO). In addition to directly expanding Hubble parameter H(z) in terms of the new redshift y = z/(1 + z), we use the expanded comoving angular diameter distance DM (z) as a basic function to derive H(z) and the other cosmic distances. In this new model, ΩK can be constrained using CC data alone. Adopting the Bayesian evidence, we find that the present dataset prefers our new model with expansion truncated up to the jerk term. When applying a uniform or gaussian prior according to Planck or WMAP on the sound horizon at the end of the radiation drag epoch, i.e., rs, our constraint on the Hubble constant H0 and other cosmographic parameters are consistent with the Planck 2018 results. We also find that H0 is anti-correlated with ΩK , which indicates that the H0 tension problem can be slightly relaxed by introducing ΩK . Applying different datasets, we obtain ΩK = 0.03 ± 0.39 with CC data, ΩK = −0.02 +0.15 −0.18 with CC+Pantheon dataset, ΩK = −0.09 ± 0.24 with CC+BAO dataset, and ΩK = 0.01 +0.14 −0.16 with CC+Pantheon+BAO dataset, which indicates that current observations favor a flat universe.
Introduction
Nowadays, a huge number of independent observations provide strong evidence to support a late-time accelerated expansion universe [1, 2] . This observed phenomenon is one of the major puzzles in modern cosmology. In general, there are two kinds of interpretations for this cosmic phase: i) postulate an exotic form of energy with negative pressure usually called dark energy or ii) modify the laws of gravity. Numerous models have been proposed based on these two branches, but it is difficult to determine which one is correct due to the degeneracies between the space of parameters and the cosmic expansion. Despite this, ΛCDM model with six parameters could excellently fit almost all observational data, and has been set as the standard model of cosmology [3] . Nevertheless, this model encounters with coincidence and fine-tuning problems [4, 5] . We should note that modern cosmology is based on the Friedmann equations, however, the Hubble relation between distance and redshift is a purely cosmographic relation that depends only on the symmetries of an Friedmann-Lemaître-Robertson-Walker (FLRW) spacetime, but does not intrinsically make any dynamical assumptions [6] . This suggests that it should be possible to estimate the parameters by defining the Hubble relation without making any dynamical assumptions.
Instead of using a particular dynamical cosmological model, we consider a model-independent approach called cosmography [7, 8] to describe the evolution of the Hubble parameter and cosmic distances. The only assumption of the purely kinematic approach is the cosmological principle, i.e., the FLRW metric, and the kinematic parameters in a cosmography model can be used to determine the kinematical status of our universe. For example, the scale factor a(t) directly describes how the universe evolved over time, the Hubble constant describes the current expansion rate of our universe, and the current deceleration parameter describes whether our universe is experiencing accelerated expansion.
Current observations have given strict constraints on the Hubble constant H 0 . By assuming the base ΛCDM model, the final full-mission Planck measurements of the cosmic microwave background (CMB) anisotropies has found a value of the Hubble constant H 0 = (67.27 ± 0.60) km/s/Mpc [2] . In contrast, multiple direct measurements of the cosmic distance scale have consistently found a higher value of H 0 . The latest value from the Supernovae and H0 for the Equation of State (SH0ES) project together with GAIA parallaxes is H 0 = (73.52±1.62) km/s/Mpc (hereafter R18), which has a more than 3σ tension with the Planck CMB data [9] . This tension is one of the most intriguing problems in modern cosmology. There have been many attempts to solve the problem by introducing new physics beyond the standard ΛCDM cosmological model [10] [11] [12] [13] [14] [15] , reanalyzing of the SH0ES data [16] [17] [18] [19] [20] , etc.
In the present paper, we are interested in figuring out whether the present distance observations prefer a nonzero spatial curvature or not, and how the spatial curvature might be tied in with the H 0 tension problem. Current constraints on the spatial curvature parameter by the combination of the Planck temperture and polarization power spectra within the standard ΛCDM model is Ω K = −0.044 +0.018 −0.015 [2] . Although a spatially flat universe is strongly supported by various cosmological probes, most of the curvature constraints had assumed some specific cosmological models (e.g., the ΛCDM or wCDM model, etc.), that is, these results are indirect and cosmological model dependent. Therefore, purely geometrical and model-independent methods may be better at measuring spatial curvature. Until now, several model-independent methods have been proposed to determine the spatial curvature parameter Ω K , such as adopting the sum rule of distances along null geodesics of the FLRW metric [21] [22] [23] [24] [25] [26] , combining the Hubble parameter H(z), the comoving angular diameter distance D M (z) and its derivation with redshift D M (z) [27] [28] [29] [30] [31] [32] [33] [34] [35] , using a non-parametric smoothing method [36] , Taylor expansion of D M (z) [37] , using the gaussian process method [38] [39] [40] , etc. The investigations suggest that the non-zero Ω K cannot be ruled out by the current observations. The layout of our paper is as follows: In Section 2 we introduce the general cosmography model with spatial curvature and raise our new cosmography model. The datasets used in this analysis and the main methodology are described in Section 3. Our results and analysis are presented in Section 4. We summarize our conclusions in Section 5.
Cosmographic Parameters with Spatial Curvature
Recently, the cosmographic approach to cosmology, which preserves the minimum priors of isotropy and homogeneity while ignoring other assumptions, have gained increasing interest in capturing as much information as possible directly from cosmic observations. Actually, the only assumption retained in this approach is the FLRW metric
(1) where the parameter K = 1, 0, −1 denotes the spatial curvature for closed, flat and open geometries respectively. The cosmographic approach starts by defining the cosmographic functions [7, 8] ,
where a is the scale factor, the dots represent cosmic time derivatives and a (n) stands for the nth time derivative of a. Evaluated today, those functions define the cosmographic parameters H 0 , q 0 , j 0 , s 0 and l 0 , which are Hubble constant, deceleration, jerk, snap and lerk parameters, respectively.
The general cosmography model
With above preparation, the Hubble parameter in the cosmography at small redshift z can be expressed as [7, 41] 
However, cosmography in this form encounters convergence problems at high redshift (z > 1). To solve this trouble, the so called y-redshift is hence introduced [42] 
One benefit from the y-redshift is that it can extend the expansion to high redshift region, then many cosmic observations such as supernovae Ia (SNe) with higher redshifts can be used to fit the cosmography. Thus, in the y-redshift space, the Hubble parameter expanded up to O(y 4 ) or l 0 term is
with
The luminosity distance D L is used in SNe observations in order to link the supernovae luminosity with the expansion rate of the universe. It can be expressed as
where
is the comoving distance and Ω K = −Kc 2 /(a 0 H 0 ) 2 . With the same cosmography parameters, the luminosity distance can be expanded up to O(y 5 ) near y = 0 as follows
The angular diameter distance D A can be obtained straightforward from the duality or Etherington relation [43] 
Then, the series expansion of angular diameter distance in terms of y-redshift is
New cosmography model with spatial curvature
In the previous section, one can find that there is no curvature parameter in the Hubble parameter function. This is not satisfactory because we want to figure out figure out the influences of the spatial curvature on the cosmographic parameters. While within the forementioned scheme, Ω K acts as a nuisance parameter for the cosmic chronometers data, which will surely depress the usefulness of the dataset and result in poor constraining performance. So it is a great necessity to find a suitable expression for H(z) with Ω K included. From Eq. (7) , it can be obtained that the Hubble function in terms of Ω K and z is
where D M (z) = D L /(1+z) = (1+z)D A is the comoving angular diameter distance. Then, using D M (z) one can reconstruct the luminosity distance, the angular diameter distance, and the Hubble parameter function with Ω K . So D M (z) seems to be suitable for reconstructing the kinematical functions in the cosmography model.
Combining Eq. (7), the comoving angular diameter distance in y-redshift space with the same cosmographic parameters in Eq. (5) will be
Thus, the Hubble parameter can be reconstructed through Eq. (13), the the luminosity distance and the angular diameter distance will be
Performance of the cosmography models
In general, higher order of expansions could provide a more accurate approximation. However, in this way, more model parameters need to be introduced. This raises another problem, that is how many series terms do we need to include to obtain a good approximation of the model functions? This question had been discussed in Refs. [6, 44, 45] by the F -test method and in Ref. [46] by the Risk method. In the present paper, the Bayesian evidence method will be adopted to study this question in section 4.2. For convenience, hereafter, we will use "GSEi" and "BEDi" to denote the general series expansion cosmography model and the new cosmography model based on the expanded comoving angular diameter distance respectively, with the index "i" indicating the expansion is truncated up to the i-th order. Note that the i-th order relates to use the same cosmographic parameters as the direct series expansion of H(z) in Eq. (5) .
At the end of this section, we would like to present the qualitative features of the different series expansion models and their deviation from the ΛCDM model. The evolution of Hubble parameter in different models are shown in Figs. 1 and 2. In the two figures, the grey errbars are the observational Hubble data, please refer to section 3.1 for a detailed introduction. The parameters for the ΛCDM model are fixed as {H 0 = 67.27, Ω m = 0.30, Ω K = 0.0}, and the corresponding cosmographic parameters are
From Fig. 1 , one can find that as the expansion order increases, the difference of H(z) between the cosmography and the ΛCDM model decreases, and for all series expansion models, the deviation become larger at high redshifts. The first panel in Fig. 1 shows that the 4-th order expansion could give better fit of all the observational Hubble data points. As shown in the second panel of Fig. 1 , the maximum deviation of the BED2, BED3 and BED4 model to the ΛCDM model is less than 50, which is almost the same as ranges of error bars of CC data. Therefore, the three BEDi models are all safe when fitting the CC data.
The derived H(z) in Eq. (13) introduces the spatial curvature Ω K , and then to figure out how H(z) evolves under the influence of Ω K , we draw the derived H(z) up to three order expansion in Fig. 2 . The figure shows that there is a large deviation between the derived H(z) and the ΛCDM model at the high redshifts. In the case of flat curvature, H(z) is almost the same as the ΛCDM H(z). However, the deviation ∆H(z) with |Ω K | = 0.4 is less than 50, which indicates it is necessary to take Ω K into consideration when using the cosmography model. It seems that deriving H(z) from D M (z) may be a more appropriate method to reconstruct the Hubble parameter than directly expanding H(z). However, we must recognize that there are degeneracies between different parameters. So the small deviation is not necessarily equivalent to a credible description.
Observations and Methodology
To understand the degeneracies and best-fit of the cosmographic parameters, we need to sample different parameters using the currently available datasets. In this section, we present the relevant observational data and the fitting methodology used to constrain the cosmography model. We describe them in what follows.
Observational Hubble Data
The H(z) measurements can be obtained in two ways. One way is based on the clustering of galaxies or quasars, which was firstly proposed by Gaztanaga et. al. [47] using the BAO peak positions as the standard ruler in the radial direction. However, some H(z) data points in this method are biased due to the assumption of a fiducial cosmological model to estimate the sound horizon, r s . Hence, H(z) obtained from this method are included as the part of the BAO dataset, for example, the BOSS DR12 consensus BAO measurements mentioned in subsection 3.3. Another method comes from calculating the differential ages of passively evolving galaxies at different redshifts, providing H(z) measurements that are modelindependent [48] . In this method, a change rate ∆z/∆t can be obtained, then the Hubble parameter H(z) could be written as
This method is often referred to as cosmic chronometers. In this paper, we select 31 cosmic chronometers H(z) points (CC) in our model-independent analysis, and the current measurements of H(z) are summarized in table 1.
The best-fit parameters are obtained by minimizing the quantity 
Supernovae Ia Data
Supernovae Ia are widely accepted as the standard candles to measure the cosmological luminosity distance. From the observational point of view, the observed distance modulus of each SNe is given by
where m * B is the observed peak magnitude in rest frame B-band, X 1 is the time stretching of the light-curve, C is the SNe color at maximum brightness, M B is the absolute magnitude. And α, β are two nuisance parameters, which should be fitted simultaneously with the cosmological parameters. However, this method strongly depends on a specific cosmological model. To avoid this, Kessler et. al. [55] proposed a new method called BEAMS with Bias Corrections (BBC) to calibrated the SNe, and the corrected apparent magnitude m * B,corr = m * B + αX 1 − βC + ∆ B for all the SNe is reported in Ref. [56] , where ∆ B is the correction term. The new dataset called Pantheon sample contains 1048 SNe spanning the redshift range 0.01 < z < 2.3 [56] . This is the largest spectroscopically confirmed SNe Ia sample released to date.
The theoretical distance modulus µ(z) is defined as
is the Hubble-free luminosity distance. Thus, likelihood for the Pantheon data is
, and M − µ 0 can be marginalized over analytucally [57] [58] [59] .
Baryon Acoustic Oscillation Data
Another key tool to probe the expansion rate and the large-scale properties of the Universe is the Baryon Acoustic Oscillation (BAO) Data, which are the imprints in the large-scale structure of matter due to the oscillations in the primordial plasma. The BAO data used in this paper include the measurements from the 6dF Galaxy Survey (6dFGS) which provides r s /D V (z eff = 0.106) [60] , the BOSS DR12 consensus BAO measurements on D M /r s (z eff = 0.38, 0.51, 0.61) and Hr s (z eff = 0.38, 0.51, 0.61) [61] , and the eBOSS BAO measurements from quasars in DR14 on D V /r s (z eff = 1.52) [62, 63] 
The parameter r s is the sound horizon at the drag epoch z d , shortly after recombination, when baryons decouple from the photons:
where c s (z) is the sound speed in the photon-baryon fluid. r s can be accurately determined by CMB experiments such as Planck and WMAP. The latest constrained value of r s can be found in the 2018 Planck Legacy Archive (PLA) tables 1 r s = 147.05 ± 0.30Mpc, Planck 2018,
r s = 148.5 ± 1.2Mpc, WMAP 9, where the Planck value (P18) is for the likelihood combination TT+TE+EE+lowE, and the nine-year WMAP estimate value (W18) is also provided in PLA tables. The estimates of r s in equations (26) and (27) are under the assumption of the base ΛCDM cosmology at high redshifts, and it is extremely insensitive to physics at low redshifts [64] . Since c s (z) has no definition in the cosmography model, r s is treated as free parameter in our paper.
Sampling method and priors of free parameters
The global constraints on the cosmographic parameters, .i.e., {H 0 , q 0 , j 0 , s 0 , l 0 }, the spatial curvature Ω K and the sound horizon r s are performed using the markov chain monte carlo (MCMC) sampling method. It's easy to do this by using the publicly available code Cobaya 2 , which calls the MCMC sampler developed for CosmoMC [65, 66] . Priors are needed in order to explore the posteriors of the free parameters. We impose uniform priors on the free parameters, with priors ranges listed in table 2. Note that the current universe is undergoing a phase of accelerated expansion, so the deceleration parameter should be negative. Thus, in this paper, we suggest the uniform prior on q 0 to be [−1.5, 0]. In our calculations, to ensure the physical meaning of observables, we should artificially guarantee the positiveness of H(z), D M (z), D L (z) and D A (z), by setting the posterior to be zero once any of them turn out negative.
constraint results and analysis
In this section, we describe the observational constraints on the two cosmography models using various cosmic observational datasets summarized in Sect. 3. In particular, we focus on the present Hubble constant and the spatial curvature parameter Ω K in order to investigate whether the spatial curvature can relax the H 0 tension problem.
constraint results under different expansion truncation
Let us first focus on the performance of the two cosmography models with different expansion truncation (or the number of free model parameters) under the constraint of all the mentioned cosmic observational data points. Using the CC+Pantheon+BAO dataset, we constrain the cosmographic parameters in different cosmography models. We show the corresponding results in Table 3 and Figs. 3, 4 , 5 and 6. The results of constraint show that cosmographic parameters vary greatly due to different expansion orders. As the order of expansion increases, the deviation of the cosmographic parameters between different models decreases. From the contour plots in Figs. 3, 4 , 5 and 6, one can find that r s is anti-correlated with H 0 . This correlation can be explained. Considering Eq. (25), it can be found that if we fix the evolutionary history of the universe, then a larger H 0 would result in a smaller r s . Moreover, the increase of H 0 could reduce the angular diameter distance D A , and a reduction in r s can lead to the same BAO measurements of r s /D V or Hr s . Therefore, any new physics proposed in order to explain the tension between the CMB estimation of H 0 and the direct measurements needs to reduce the sound horizon in the early universe.
From Fig. 3 and Table 3 , it can be seen that the present observational dataset can give a good constraint on H 0 . However, the constraint of q 0 varies greatly between GSE1 and BED1 models. The deceleration parameter q 0 in BED1 model is much smaller than that in GSE1 model. On the other hand, unlike in the BED1 model, the current dataset cannot constrain Ω K in the GSE1 model. The spatial curvature in the BED1 model is Ω K = −0.304 ± 0.08, implying a closed universe. This is quite different from the Planck observation results.
We now consider the case where the expansion is up to the j 0 term, namely the GSE2 and BED2 models, as shown in Fig. 4 . One can see that all the cosmographic parameters shown in this figure are correlated with each other. Unlike the case where the series is expanded to the first order, there is a visible anti-correlation between H 0 and Ω K , which indicates that a smaller Ω K will result in a larger H 0 . Therefore, the H 0 tension problem can be relaxed by introducing Ω K . Besides, the deviations of the model parameters between the two models are still large. The cosntraint results of the BED2 model is in consistency with the Planck ΛCDM results within the 1σ confidence level. However, GSE2 gives a smaller q 0 , much bigger j 0 , and a positive Ω K , which is quite different from the Planck results. We will return to this at the end of this subsection. Then we move to the third order series expansion case, i.e., the GSE3 and BED3 models, as shown in Fig. 5 . In this case, degeneracies among the cosmographic parameters are similar in the two models. The difference is that BED3 model provides bigger errors on q 0 , j 0 and s 0 than the GSE3 model. In addition, the spatial curvature in BED3 model is Ω K = 0.09 ± 0.19 while GSE3 prefers a positive spatial curvature Ω K = 0.57 +0. 37 −0.17 as in the GSE2 model. We can also find the anti-correlation between H 0 and Ω K in both models.
Finally, we focus on the fourth order series expansion, as shown in Fig. 6 . comparision between Fig. 5 and 6 shows that degeneracies among the model parameters in the fourth order expansion are similar as those in the third order expansion, but the relative errors become larger due to the introduction of the new free parameter l 0 . Meanwhile, we should note that the 68% limit of spatial curvature in GSE4 model is Ω K = 0.18 +0. 43 −0.29 , still greater than 0.
Thus, based on the analysis presented above one can see that the H 0 tension problem could be relaxed by introducing a non-zero Ω K . One can also find that most of the constraints on Ω K in the GSEi models are positive. This problem is mainly caused by inaccurate model equations introduced by the truncation of expansion. To make it clear, we have plotted the distance modulus and the angular diameter distance of GSE3 model in Fig. 7 with the cosmographic parameters as their best-fit values are listed in Table 3 . From the two graphics, one can find that a bigger Ω K is favored by the Pantheon data, and the values of D A (z) are closer to the ΛCDM model at higher redshifts with positive Ω K . Nonetheless, due to the parameters' degeneracies, we are still unable to determine which model is preferred by the current observations.
Bayesion evidence
Which model will be the most favored one by the dataset used in the present paper, or how many series terms do we need to include in the model functions? We need a statistical comparison between all the series expansion models. Bayesian evidence is a good measure of the statistical preference for a model over another one, by computing the Bayes factor [67] . In this section, we apply the Bayesian evidence method to determine which model is most favored by the observational data. For a given model M with the parameter space θ, and a specific observational data d, the Bayesian evidence E is defined as
where π(θ|M) is the prior of θ in model M, and p(d|θ, M) is the likelihood. Then, for the two models M i and M j , combining the Bayes' theorem the posterior probability is Table 4 ).
Here we apply the publicly available code MCEvidence 3 to calculate the logarithm of the Bayes factor for different models. MCEvidence can directly calculate the Bayesian evolving from MCMC chains [69, 70] .
In Table 5 , we have shown the values of ln B ij 4 computed for all the cosmography models in this paper. The negative values of ln B ij indicate that BED2 is the preferred model among all the models we considered. Among the general series expansion models, GSE3 gives the largest ln B ij , which means that the cosmography up to the 3 order is the best approximation. Meanwhile, we can also find that our new cosmography models, i.e., BEDi, are always preferred than the general series expansion models.
Impacts of different observational datasets
The above analysis shows that BED2 will be the most preferred cosmography model by the CC+Pantheon+BAO data. In this section, we would like to check out the impacts of different observational datasets on the constraints of cosmographic parameters. Applying the BED2 model and using different combinations of observations, the constraint results are summarized in Table 6 and Fig. 8 . The constraint re- sults show that CC data can give a loose constraint on H 0 , j 0 , Ω K , but cannot give a valid constraints on q 0 . The addition of the Pantheon and BAO data can improve the constraints on the cosmographic parameters. When adopting the CC+BAO dataset, the constraints become tighter, but the constraint on q 0 is still very loose. When the Pantheon data are added, the constraints on the parameters become much tighter, especially on q 0 and j 0 . The CC data suggests that the present Hubble constant is H 0 = 72.3 +4.3 −4.9 at 68% confidence level, where the tension with the R18 H 0 and Planck ΛCDM estimated H 0 are all less than 1σ. However, when using CC+Pantheon and CC+BAO dataset, the tension between H 0 and R18 H 0 is more than 1.6σ and 1.45σ, respectively. While, overall, the tension has been relaxed. It is noteworthy that H 0 is postivecorrelated with Ω K when applying CC or CC+BAO dataset, however, it is anti-correlated with each other when applying CC+Pantheon data. Thus, The Pantheon data are helpful in breaking the H 0 − Ω K degeneracy.
Besides, when using the BAO data to constrain the cosmographic parameters, a new free parameter will be introduced, i.e., the sound horizon r s at the drag epoch. Under the assumed uniform prior of the sound horizon r s ∈ [145, 151], our constraints on r s are 147.9 ± 1.6 for CC+BAO dataset and 148.0 ± 1.6 for CC+Pantheon+BAO dataset, which is consistent with P18 and W18 in the 1σ confidence level. Figure 9 shows that r s is anti-correlated with H 0 and postive-correlated with Ω K , please refer to section 4.1 for explanation. The constraint results in Tables 3 and 6 show that the estimations are much closer to the Planck ΛCDM extimation of H 0 than that of SH0ES. However, we should note that the previous analysis did not consider the effects of the latest value from SH0ES collaboration R18 and the precise determinations of r s from PLA, i.e., P18 or W18.
Different priors of H 0 and r s
As we know, there is a 3.8σ difference between the local distance ladder and Planck estimations of H 0 [9] , and the values of sound horizon r s from Planck and WMAP are also different. Thus, we will use the importance sampling technique [65] to investigate the influences of three different priors, i.e., gaussian priors with dispersions as given in R18, P18, and W18, unpon the whole parameter space.
The results are listed in table 7, and the posterior likelihoods under different priors are plotted in Fig. 10 . One can find that different priors on r s have little effect on q 0 and j 0 , but the R18 H 0 depresses q 0 and magnifies j 0 due to the degeneracies between them. When the R18 priors on H 0 is adopted, the value of Ω K decreases, which indicates that a negative spatial curvature is favored by the local distance ladder. Therefore, we know that more precise direct or indirect determinations of the magnitude of the spatial curvature in the future will help resolve the H 0 tension problem.
From the above comparisons, we find that our constraint results on the cosmographic parameters are in good consistency with the Planck ΛCDM model when adopting P18 and W18 priors on r s . The evolutions of H(z) and µ(z) shown in Figs. 2 and 7 also suggest that the future observations at higher redshifts are helpful in the determination of the spatial curvature.
Conclusions and discussion
In this paper, adopting the Hubble parameter data, SNe data, and the BAO data, we have investigated the cosmography model with spatial curvature via MCMC method. In addition to the general direct series expansion model, we have introduced a new cosmography model, in which the basic function is the comoving an-gular diameter distance D M (z) expanded as a series of y = z/(1 + z). In this new cosmography model, the spatial curvature parameter will be included in the Hubble parameter function, and the CC data could be used to determine the value of Ω K . Our constraints give that Ω K = 0.03 ± 0.39 when using only CC data up to z ∼ 2, which indicates that the non-flat universe could not be ruled out by the present observational Hubble data.
In our study, we first give a look at how to balance between the truncation of expansion (or the number of cosmographic parameters) and cosmic observational data points. Using the CC+Pantheon+BAO dataset, we have investigated the two series expansion cosmography models from the 1st order to the 4th order. We find that the sound horizon r s is anti-correlated with H 0 , which suggests that new physics in the early universe capable of lowering the sound horizon will be helpful in relaxing the H 0 tension problem. Besides, H 0 − Ω K planes show that the Hubble constant is degeneracy with the spatial curvature, this points out another way to weaken the H 0 tension. From our constraint results, we also find that though the general series expansion models give tighter constraints on the cosmographic parameters, they perform not so well compared to our new model in constraining Ω K due to the flawed model functions, i.e., Ω K is absent from the expression of H(z). Finally, adopting the Bayesian evidence method, we find that the dataset used in this paper prefer our new models, especially the one expanded up to second order (the j 0 term), i.e., BED2, among all the models we used.
To figure out the impacts of the observational data on constraining cosmographic parameters, we use different combinations of observational data to constrain the BED2 model. We find that CC data cannot constrain the deceleration parameter q 0 , but gives strong constraints on H 0 , j 0 and Ω K . The inclusion of BAO data has generally improved the constraints. When the Pantheon data are added, one can find that Pantheon data gives much tighter constraints on q 0 and j 0 . When all the three observational datas are considered, the current spatial curvature density parameter is Ω K = 0.01 +0.14 −0.16 , the Hubble constant is H 0 = 68.4 ± 1.2 within 1σ confidence level of the Planck ΛCDM model estimate H 0 , the current deceleration parameter and jerk parameter are q 0 = −0.56 ± 0.19 and j 0 = 0.6 +1.8 −2.6 , respectively. Which are consistent with a flat Planck ΛCDM model. But the large error bars of Ω K does not rule out small values of spatial curvature.
Moreover, because there is no definition of the photonbaryon fluid's sound speed in cosmography model, the sound horizon r s has been treated as a free parameter in the present paper. Then, taking the P18 or W18 values as priors on r s is naturally. The two priors are used to do importance sampling on the MCMC chains we have already obtained, and we find that the different priors on r s have little effects on all the cosmographic parameters and Ω K . When we adopt the values of R18 H 0 as priors of H 0 to do importance sampling, the best-fit of the cosmographic parameters and Ω K are all changed due to the parameter degeneracies. In such a case, a closed universe is favored.
Our model-independent analysis indicates that a spa-tially flat ΛCDM like universe may be preferred by the present cosmic observational data. The H 0 tension problem could be relaxed by introducing a non-flat spatial curvature. To determine the value of Ω K , more observations at higher redshifts should be included.
